All reactions were carried out under an atmosphere of dry nitrogen unless otherwise stated. Anhydrous diethyl ether, purchased from Fischer Chemicals, was stored over 3 Å molecular sieves and purged thoroughly with nitrogen. Anhydrous tetrahydrofuran (THF), purchased from EMD Chemicals, and anhydrous hexanes, purchased from Aldrich Chemical Co., were stored under dry, inert atmosphere and used as received. Acetyl chloride was purchased from Acros and used as received, and n-butyllithium (nBuLi), 2,5-dimethylthiophene, n-bromosuccinimide (NBS), and N,N,N',N'-tetramethylethylenediamine (TMEDA) were purchased from Aldrich Chemical Co. and used as received. 3-Methoxythiophene, 3-methylthiophene, 2,3,5-tribromothiophene were purchased from Lancaster. 3,4-Dibromothiophene, 1,2 2,5-dibromo-3-methoxythiophene, 3 and 3,4-dimethylthiophene 1,4,5 were prepared via literature methods. 2,5-Dibromo-3,4-dimethylthiophene and 2,5-dimethyl-3,4-dibromothiophene were prepared via slight modifications of the literature as described below. 3, 4, 6, 7 All compounds gave identical spectra to those reported in the literature.
equivalent at a time of nBuLi followed by one equivalent of sulfur was used. This was then repeated and followed by quenching with acetyl chloride. After warming to room temperature overnight the reactions were worked up in the same manner.
General Method 3:
An oven dried three-neck flask equipped with stir bar and septa was placed under vacuum and nitrogen-backfilled three times. Anhydrous diethyl ether was added via cannula followed by the thiophene derivative and the reaction cooled to -78°C. 2.1 equivalents of 2.5 M nBuLi in hexanes were then added via syringe and the reaction was brought to room temperature after which it was stirred for four hours. The reaction was then cooled to -78°C and two equivalents of sulfur added in one portion and warmed to room temperature for 30-60 minutes after which it was cooled again to -78°C. Acetyl chloride was then added via syringe and the reaction allowed to warm to room temperature overnight. These reactions were worked up identically to those in General Method 1.
Recrystallization Procedure for Thioacetates: After chromatography on silica, the thioacetate was dissolved in a minimal amount of hexanes in a 20 mL vial. The vial was removed from heat, sealed, and allowed to cool to room temperature slowly. On some occasions, long transparent needles formed at room temperature or upon standing in a refrigerator for an hour.
Most cases, however, required slow cooling in a dry ice/acetone bath. The vial was placed in the bath, swirled and removed after a few seconds. This was repeated until crystal formation ceased and the solution was mostly colorless. The solution could be warmed to room temperature without loss of crystals and filtered. The impurities, which sometimes separated as a highly viscous orange oil, could be decanted away during the cooling process. TLC analysis of the oil indicated no useful product was being lost. Note that at this point, the majority of the unpleasant odor was removed in the filtrate. The final products usually had only a faint odor and could be S4 dealt with outside the fume hood. This procedure could be repeated, but one recrystallization was generally sufficient.
S,S'-Thiophene-2,5-diyl diethanethioate (1) and S-Thiophen-2-yl ethanethioate (10). 
S,S'-3-Methylthiophene-2,5-diyl diethanethioate (3).
Via General Method 1: Attempts to generate 3 via lithium-halogen exchange in THF from 2,5-dibromo-3-methylthiophene were unsuccessful. Addition of the bromothiophene to nBuLi and nBuLi to the bromothiophene both failed.
Via General Method 3: Following the standard procedure 4.9 mL of 3-methylthiophene (51.0 mmol), 39.2 mL of 2.6 M BuLi in hexanes (101.9 mmol), and 100 mL of ether were combined. After four hours at room temperature the reaction was cooled to 0°C and 3.76 g of sulfur (117.2 mmol) were added. NOTE: If the addition is performed too quickly and at too high a temperature, a violent reaction ensues. The reaction vessel was resealed and the remaining orange solution was stirred for 30 minutes. After cooling to -78°C, 16.3 mL of acetyl chloride (229.3 mmol) were added and the reaction quickly turned white. After warming overnight to room temperature the reaction was subjected to standard workup and silica chromatography performed with hexanes switching to dichloromethane gave 3 as an orange oil.
Distillation at 10 mbar gave a mixture of isomers of mono-substituted product from 110-200°C (0.83 g) and 3 at 250°C. This was further purified by the recrystallization procedure described above to give 0.58 g of 3 as a white solid (5% 
S,S'-3,4-Dimethylthiophene-2,5-diyl diethanethioate (4).
S,S'-3,4-Dimethylthiophene-2,5-diyl diethanethioate 4 was prepared via General Method 1. 2,5-Dibromo-3,4-dimethyl-thiophene was prepared via bromination of 1.00 g of 3,4-dimethylthiophene (8.91 mmol) by 1.68 g of NBS (9.44 mmol) in 35 mL of dichloromethane to afford the product in 94% yield. NBS had to be added slowly at 0°C to control the reaction, but was then warmed to room temperature for an hour. The precipitate was then filtered, solvent removed, and the crude solid passed through a flash column with hexanes. This method proved to be much simpler than literature methods and the product gave identical spectra.
3,4
1.05 g of 2,5-dibromo-3,4-dimethylthiophene (3.89 mmol) was dissolved in 10 mL of ether. 3.1 mL of 2.5 M nBuLi (7.8 mmol) in hexanes in 10 mL of ether were added as described in the procedure for General Method 1. After 10 minutes at -78°C, 0.25 g of sulfur (7.80 mmol)
were added to the dark orange solution, which immediately became light yellow. The reaction was held at -78°C for 40 minutes after which 0.6 mL of acetyl chloride (8.6 mmol) were added via syringe and the reaction was allowed to warm to room temperature overnight. After being subjected to standard workup conditions and chromatography on silica eluted with dichloromethane (R f = 0.32) the solid was recrystallized from hexanes to give 0.12 g of long lemon-white needles 4 (12% (Error = 0.5 ppm).
S,S'-2,5-Dimethylthiophene-3,4-diyl diethanethioate (5).
S,S'-2,5-Dimethylthiophene-3,4-diyl diethanethioate 5 was prepared via General Method 1 from 3,4-dibromo-2,5-dimethyl-thiophene. 2,5-Dimethyl-thiophene was brominated according to the procedure outlined above for 2,5-dibromo-3,4-dimethyl-thiophene. This method again proved to be superior to the other known methods, which gave large amounts of tri-and tetrabrominated products. 6, 7 3.00 g of 3,4-dibromo-2,5-dimethyl-thiophene (11.1 mmol) were added drop wise to 9.3 mL of 2.5 M nBuLi (23.3 mmol) in hexanes in 50 mL of ether as described in General Method 1.
The yellow solution slowly turned white and after 30 minutes at -78°C, 0.71 g of sulfur (22.1 mmol) were added. The reaction was held at -50°C for 60 minutes after which 2.4 mL of acetyl chloride (33.3 mmol) were added via syringe and the reaction was allowed to warm to room temperature overnight during which the reaction became white and formed large amounts of precipitate. After being subjected to standard workup conditions and chromatography on silica eluted with dichloromethane (R f = 0.42) the solid was recrystallized from hexanes to give 0.20 g of off-white powder (12% 
S,S'-3-Methoxythiophene-2,5-diyl diethanethioate (6) and S-3-Methoxythiophen-2-yl
ethanethioate (11).
1.00 g of 2,5-dibromo-3-methoxythiophene (3.68 mmol), 2.9 mL of 2.5 M BuLi (7.4 mmol), 0.24 g of sulfur (7.48 mmol), and 0.8 mL of acetyl chloride (11.0 mmol) were combined according to General Method 1. After the standard workup chromatography on silica gel with a mixture of dichloromethane:hexanes (1:3 volume ratio) increasing to 1:0 eluted a small amount of the mono-substituted product first (R f = 0.3) followed by the disubstituted product (R f = 0. 
S,S'-3-Acetylthiophene-2,5-diyl diethanethioate (7).

S,S'-3-Acetylthiophene-2,5-diyl diethanethioate 7 was made by General Method 2. To
2.76 g of 2,3,5-tribromothiophene (8.55 mmol) in 100 mL of ether were added 3.4 mL of 2.5 M nBuLi (8.6 mmol) in hexanes as described above. After 30 minutes at -78°C, 0.27 g of sulfur (8.42 mmol) was added to the pale yellow solution which was allowed to warm to room temperature for an hour. After cooling to -78°C this procedure was repeated with another 3.4 mL of 2.5 M nBuLi (8.6 mmol) followed with 0.27 g of sulfur (8.42 mmol), and the mixture was allowed to stir for an hour at room temperature. After cooling to -78°C a third equivalent of 3.4 mL of 2.5 M nBuLi was added and after an hour, 6.1 mL of acetyl chloride (85.5 mmol) were added after which the reaction was allowed to warm to room temperature overnight. The reaction was then subjected to the standard workup followed by chromatography on silica gel with a mixture of dichloromethane:hexanes (1:1 volume ratio) increasing to 1:0. The crude solid was dissolved in dichloromethane and slowly dropped into a cold solution of hexanes. 
S,S'-3-Bromothiophene-2,5-diyl diethanethioate (8).
S,S'-3-Bromothiophene-2,5-diyl diethanethioate 8 was prepared via General Method 2.
To 7.79 g of 2,3,5-tribromothiophene (24.1 mmol) in 100 mL of ether were added 9.7 mL of 2.5
M nBuLi (24.1 mmol) in hexanes. Following the same procedure described in General Method 2 and in the synthesis of 7, 0.77 g of sulfur (24.1 mmol) were then added and stirred at room temperature for an hour. This was repeated once and followed by 3.8 mL of acetyl chloride (53.1 mmol) as described. After being allowed to warm to room temperature overnight, the reaction was subjected to the standard workup followed by chromatography with hexanes then dichloromethane (R f = 0.64). The crude product was dissolved in hot dichloromethane and hexanes, which upon cooling afforded a white solid that was decanted away from an orange oil.
Cooling in an ice bath afforded 0.62 g of 8 lemon yellow needles (9% The synthesis of the family of dimercaptothiophenes proceeded via one of three general methods as described above, the success of which were all highly solvent dependent. Initial attempts to utilize lithiation of the 2,5-dibromothiophene derivatives in tetrahydrofuran (THF) (Method 1) were unsuccesful as were all attempts via Grignard 9 reagents. These reactions resulted only in small amounts of unreacted starting material and unidentifiable gums. It was, however, successful when alternating additions of butyllithium and sulfur were employed with ether as the solvent. 10, 11 In the cases where lithiation of the dibromothiophenes failed, 2,5-dihydrothiophenes were used. Attempts to follow the procedure of Chadwick and Willbe 12 were unsuccessful or resulted in very low yields of impure, black, highly viscous oils. This procedure, which calls for refluxing the thiophene derivative, TMEDA, and nBuLi in hexanes may be too harsh. 13, 14 Instead, the use of a milder procedure proved to be much more successful. 15 The thiophene derivatives were readily dilithiated in ether at room temperature resulting in higher yields and easier purification.
The procedure, however, failed in the case of 3-methoxythiophene, in which case it yielded only the mono-thioacetate. While yields were generally low, most of the starting materials could be easily accessed or were commercially available, permitting the one step procedure to be performed on the required scale.
In the case of the acetyl-functionalized compound 7, the nature of the functional group required that it be incorporated subsequent to any lithiation procedures. In order to obtain 7, a third equivalent of nBuLi was used in the procedure outlined by Method 2 starting from 2,3,5- . Each CV was repeated over varying time intervals (as indicated). Note that the largest peak change was observed between ~2-4 hours, and in (b) after ~6 hours, degradation appears to occur. Insets represent reduction peak current observed as a function of time. Note that the measured charge density is directly correlated with film thickness, although significant film-to-film variation in thickness exists due to the rough surface profile.
